During the process of growth and development, the digastric muscle is subjected to marked functional changes, including the change from suckling to mastication. In particular, because the anterior belly of the digastric muscle, which is one of the suprahyoid muscles, plays an important role in mastication. Therefore, this muscle seems to undergo a marked functional change before and after weaning. However, the details remain unknown. Here, in order to clarify the changes in the muscle fiber characteristics of the anterior belly of the digastric muscle before and after weaning, we examined myosin heavy chain (MyHC) isoforms at the protein (immunohistochemistry) and mRNA (transcription) levels. As a control, the changes in the muscle fiber characteristics of the sternohyoid muscle, which is anatomically aligned in the same direction as the anterior belly of the digastric muscle, were analyzed. The results showed that, in the anterior belly of the digastric muscle that is involved in mandibular movements in mice, the ratio of a fast-contraction isoform with strong contractile force increased after weaning. We believe that this occurred in response to a functional change from suckling to mastication. On the other hand, there was little change in the composition of sternohyoid muscle.
Introduction
Myosin, one of muscle contraction proteins, is a major protein constructing 3 muscle. In particular, the MyHC most closely reflects muscular function (Pette and Sarton, 1990) . It has become clear in recent years that there are different isoforms of MyHC and that based on the speed of contraction, the isoforms can be divided into fast-twitch (MyHC-2b, MyHC-2d and MyHC-2a) and slow-twitch types (MyHC-1).
Furthermore, several studies have documented that muscle properties are determined by the composition ratio of MyHC isoforms (Brueckner et observed the changes in muscle fiber characteristics of the murine masseter muscle at the protein level. They reported that the composition ratio of M yHC-2b (fast contraction and high contractile force) increased during weaning, and concluded that masticatory movement after weaning brought about marked functional changes in the masseter muscle .
In addition, one study found that, like the masseter muscle, the anterior belly of the digastric muscle, which is found between the mandible and hyoid and is involved 4 in mastication, particularly mouth opening, and is composed of fast-twitch muscle fibers (Erzen et al., 1999) . However, there have been few reports closely examining the functional changes before and after weaning within the process of growth and development. Hence, in order to clarify the changes in muscle fiber characteristics of the anterior belly of the digastric muscle before and after weaning, we immunohistochemically examined the changes in MyHC isoforms in relation to the sternohyoid muscle, which anatomically aligns in the same direction via the hyoid.
Furthermore, we measured the expression of genes encoding MyHC proteins at the transcription level. Since it was known that the anterior belly of the digastric muscle consists of only a fast-twitch muscle, we examined only to the fast type in MyHC isoforms (Hartmann et al., 2001 ). Especially we selected MyHC-2b (fastest contraction) and MyHC-2a (slowest contraction).
Materials and Methods

Materials
Based on a study documenting that mouse pups were weaned an average of 3 weeks after birth (Shida et al., 2005) , ICR mice at the age of 2 weeks (before weaning), 4 weeks (after weaning) and 9 weeks (adulthood) were used. After the age of 3 weeks, juvenile mice were separated from their mothers and were fed a solid diet. A total of 30 mice were used: 5 mice in each of the three age groups for immunohistochemical tests, 5 and 5 mice in each of the three age groups for mRNA expression. In line with the animal study guidelines established by the Tokyo Dental College, the mice were euthanized by injecting a lethal dose of pentobarbital. Then, the anterior belly of the digastric muscle and the sternohyoid muscle were excised (Figure 1 ). These muscles were immediately frozen in liquid nitrogen and stored in isopentane at -80°C until testing.
Immunohistochemical analysis
Using a cryostat (Leica, Nussloch, Germany), 8 µm serial frozen sections of each sample were prepared orthogonal to the long axis of muscle fibers. These sections were immunologically stained as follows: As primary antibodies, SC-71 Genetic Analyzer (Perkin-Elmer Japan Applied Biosystem, Tokyo, Japan).
Data were treated with the windows SAS System (Version 8.02; SAS Institute
Inc., Cary, NC, USA). Student's tukey's HSD test was used for statistical 9 analysis in this study.
Results
Immunological staining
At At the age of 9 weeks, very few MyHC-2a-positive muscle fibers were seen in the anterior belly of the digastric muscle in all samples (8.4 ± 1.3%) (Figure 3 and 5) .
However, the ratio of MyHC-2b-positive muscle fibers at the age of 9 weeks was about twice that at the age of 4 weeks (80.6 ± 5.1%) (Figure 3 and 5), and there was little difference in the ratio of MyHC-2a-positive and MyHC-2b-positive muscle fibers in the sternohyoid muscle between the ages of 4 and 9 weeks (39.9 ± 3.8 and 44.4 ± 2.8%, respectively at the age of 9 weeks) (Figure 4 and 6) .
Analysis of mRNA expression using LightCycler
TM
In the anterior belly of the digastric muscle, mRNA expression of MyHC-2a at the age of 2 weeks was high and subsequently decreased. On the other hand, mRNA expression of MyHC-2b at the age of 2 weeks was initially low but increased at the ages of 4 and 9 weeks (Figure 7 and 8 ).
In the sternohyoid muscle, there was little change in the mRNA expression of MyHC-2a and -2b at any age (Figure 7 and 8) .
Discussion
Among the myosin isoforms belonging to the fast-twitch muscle group, MyHC-2b has been reported to exhibit the fastest contraction, while MyHC-2a has the slowest contraction (Bottinelli et al., 1991) . By determining the composition ratio of which has the fastest contraction and strongest contractile force, was increased during weaning, and concluded that a change in mastication caused a functional change in the masseter muscle. Several studies have examined the function of MyHC-2b. Like the murine masseter muscle, the adult rat extensor digitorum longus (EDL) requires high levels of contractile force, and one study showed that the EDL consisted only of MyHC-2b. Furthermore, when the function of the EDL was experimentally reduced by denervation, the expression of MyHC-2a increased, while that of MyHC-2b decreased (Erzen et al., 1999) . This suggests that the EDL is composed only of MyHC-2b in adults due to the high contractile force requirement, but when high contractile force is no longer needed, MyHC-2a is expressed. The above findings show that the contractile force of MyHC-2a is lower than that of MyHC-2b.
Like the masseter muscle, the anterior belly of the digastric muscle has been said to be composed only of fast-twitch muscle fibers. One study found that the different regions of the anterior belly of the digastric muscle possessed different characteristics (Heather et al., 2002) . However, to the best of our knowledge, no studies have closely examined the differences in muscle fiber characteristics before and after weaning.
The objective of the present study w as to determine the muscle fiber characteristics of the anterior belly of the digastric muscle and the sternohyoid muscle before and after weaning in an attempt to elucidate the functional changes in these muscles. The results of the present study did not show marked differences in the expression of MyHC-2a (immature isoform with slower muscle contraction) and the expression of MyHC-2b (mature isoform with faster muscle contraction) at the age of 2 weeks (before weaning) between the two muscles. In addition, there were no marked differences in MyHC mRNA expression between the two muscles at the age of 2 weeks. However, at the age of 4 weeks, there were marked differences in muscle fiber characteristics between the anterior belly of the digastric muscle and the sternohyoid muscle; the ratio of MyHC-2b in the anterior belly of the digastric muscle increased markedly at the age of 4 weeks, but that in the sternohyoid muscle barely increased.
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Furthermore, mRNA expression of MyHC-2b in the anterior belly of the digastric muscle increased markedly at the age of 4 weeks, but that in the sternohyoid muscle barely increased. These findings suggest that, in response to a rapid function change from suckling to mastication, the anterior belly of the digastric muscle underwent changes in order to carry out mouth opening. Although the anatomical alignment of the sternohyoid muscle is the same as that of the anterior belly of the digastric muscle, there were no marked changes before and after weaning, thus suggesting that this muscle is not effect on the functional changes. At the age of 9 weeks, there were few
MyHC-2a-positive muscle fibers in the anterior belly of the digastric muscle, and this muscle was mostly composed of MyHC-2b-positive muscle fibers. In addition, the mRNA expression of MyHC-2a was very low. Hence, even when production of MyHC-2a was signaled, little MyHC-2a protein was synthesized due to the functional role of the anterior belly of the digastric muscle following weaning. Because the ratio of MyHC-2b increased after weaning, we deduced that the contractile speed of the anterior belly of the digastric muscle increased after weaning.
The results of the present study suggest that different muscle fiber characteristics are attained in order to carry out target functions for responding to the change in oral function during weaning, while the anatomical alignment of the anterior belly of the digastric muscle and sternohyoid muscle is the same. In other words, like the masticatory muscles, such as the masseter mus cle, the anterior belly of the digastric An arrow in all figures shows MyHC-2a-positive muscle fibers. Bars: 50 m. Figure 4 Immunostained image of the sternohyoid muscle.
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An arrow in all figures shows MyHC-2a-positive muscle fibers. Bars: 50 m. 
